1. Introduction
===============

Inflammatory bowel disease (IBD) is characterized by chronic inflammation of the gastrointestinal tract but it is difficult to define because it is a complex set of debilitating disorders where physiology, microbiology, immunology, and genetics are all disrupted.^\[[@R1]\]^ As a chronic disease, IBD mainly includes ulcerative colitis (UC) and Crohn\'s disease (CD). While the pathogenesis of IBD is unclear, it is generally agreed that environment, genetics, and infectious factors are responsible for the development of IBD,^\[[@R2]\]^ and both UC and CD have an important and overlapping genetic component.^\[[@R3]\]^ IBD occurrence is currently increasing worldwide although the reasons for this remain unclear.^\[[@R4]\]^

In the human body, vitamin D participates in the metabolism of calcium, phosphorus and other substances, and it is believed to be highly associated with cancer as well as other chronic diseases.^\[[@R5]\]^ There appears to be an important role for vitamin D deficiency in the development of a wide range of inflammatory diseases.^\[[@R6]\]^ Because IBD increases the risk of developing osteoporosis, guidelines recommend vitamin D supplementation for patients with IBD to prevent bone disease, but despite this vitamin D deficiency often occurs in IBD.^\[[@R7]\]^

The reason for deficiency of vitamin D in IBD patients is probably related to poor absorption due to the disease, but it has also been suggested that the deficiency may lead to the development of IBD and impact upon disease severity.^\[[@R8]\]^ This has been supported by studies in different populations that show the association between vitamin D level and the development of IBD and its activity.^\[[@R8]--[@R10]\]^ The level of vitamin D is probably not related to disease type as patients with UC and CD both have similarly low levels.^\[[@R11],[@R12]\]^ Local activation of vitamin D probably coordinates both innate and adaptive immunity in the intestinal epithelium, to promote barrier integrity and divert from the inflammatory response.^\[[@R13]\]^ Nevertheless, because vitamin D deficiency is also strongly related to race and genetic background,^\[[@R14]\]^ it is important to understand how vitamin D levels are associated with IBD, whether there are differences between UC and CD, and with disease activity in different populations.

In this study, patients with UC and CD receiving treatment at our hospital were selected together with 120 healthy controls, and the subjects had their serum vitamin D levels investigated. The aim was to investigate the association between vitamin D and IBD in a Chinese population.

2. Materials and methods
========================

2.1. Patients
-------------

This study included patients with IBD who visited the Department of Gastroenterology of Kunshan Second People\'s Hospital (China) between January 2015 and December 2016. The clinical symptoms, imaging, and endoscopic results of all patients with IBD were consistent with the diagnosis guidelines of the World Gastroenterology Organization.^\[[@R15]\]^ The inclusion criteria were: patients ≥18 years old; and patients diagnosed with UC or CD. The exclusion criteria were:

1.  patients with heart, liver, renal, or other organic diseases; or

2.  patients with severe malnutrition or impaired absorption.

Individuals seeking routine health checkups in our hospital were selected as healthy controls. All subjects signed an informed consent form.

2.2. Measurement of serum vitamin D
-----------------------------------

The peripheral blood of the subjects in the three groups was sampled. Serum levels of vitamin D were measured using the 25-hydroxy vitamin D enzyme-linked immunosorbent assay (ELISA) kit (IDS, UK) with a Model 680 microplate reader (Bio-Rad, USA). The levels of vitamin D were assessed according to the criteria proposed by the Institute of Medicine (IOM), with 25-(OH)D~3~ ≥20 ng/mL as sufficient, 10 ng/mL ≤ 25-(OH)D~3~ \<20 ng/mL as insufficient, and 25-(OH)D~3~ \<10 ng/mL as deficient.

2.3. Evaluation of disease activity
-----------------------------------

For patients with UC, evaluation of disease activity was done by the Mayo scoring system,^\[[@R15]\]^ with the disease divided into four stages, namely remission, mild, moderate, and severe. For patients with CD, evaluation of disease activity was done by the Harvey-Bradshaw Index (HBI),^\[[@R16]\]^ and the disease was divided into four stages, namely remission, mild, moderate, and severe.

2.4. Statistical analysis
-------------------------

Statistical analysis was performed using SPSS 17.0 (IBM, Armonk, NY, USA). Continuous variables are presented as mean ± standard deviation (SD); intergroup comparison was done using one-way analysis of variance (ANOVA). Categorical variables are presented as frequency and percentage; intergroup comparison was done using the chi-square test. Statistical significance was defined at *P* \< .05.

3. Results
==========

3.1. Characteristics of the subjects
------------------------------------

The study included 65 patients with UC, 50 patients with CD, and 120 healthy controls. Among the 65 patients with UC, 36 were males and 29 were females; they were between 19--62 years and the mean age was 42.6 ± 13.8 years. Among the patients with 50 CD, 28 were males and 22 were females; they were 20--65 years and the mean age was 43.1 ± 12.9 years. Among the healthy controls, 65 were males and 55 were females; they were 19--70 years and the mean age was 45.2 ± 16.7 years. No significant difference was identified among the three groups in terms of gender, age, and other baseline data (*P* \> .05).

The levels of serum vitamin D in patients with UC and CD were lower than in the controls, and the difference was of statistical significance (*P* \< .05) (Table [1](#T1){ref-type="table"}).
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3.2. Association between serum vitamin D and disease activity in patients with UC
---------------------------------------------------------------------------------

The levels of serum vitamin D were lower with aggravated disease activity for patients with UC. Patients with moderate and severe UC had significantly lower levels of serum vitamin D when compared with those with remission of mild UC, and the differences were significant for both comparisons (*P* \< .05) (Table [2](#T2){ref-type="table"}).
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3.3. Association between serum vitamin D and disease activity in patients with CD
---------------------------------------------------------------------------------

In this study, no patient was diagnosed with mild CD. In moderate and severe patients, the levels of serum vitamin D were significantly lower (*P* \< .05) in comparison to those with disease remission (Table [3](#T3){ref-type="table"}).

###### 

The association between serum vitamin D and disease activity in CD patients.
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4. Discussion
=============

The aim of this study was to investigate the levels of serum vitamin D in patients with UC and CD in comparison with healthy controls. We also investigated whether the levels of vitamin D decreased as the disease aggravated. The results showed that patients with UC and CD had significantly lower vitamin D levels than healthy controls and that the levels were the lowest in patients whose disease was currently aggravated. These results support international studies that suggest that low levels of vitamin D may play a role in IBD progression. This information provides important details about the role of vitamin D deficiency in a Chinese patient population.

Historically, IBD is a rare disease in China, but it is becoming more of a problem as its incidence is increasing over the years.^\[[@R17]\]^ The commonly believed mechanism suggests that environmental factors impact on genetic susceptible individuals, causing intestinal microflora to activate both immune and non-immune pathways of the intestine, and finally causing bowel damage. Based on this, infection and immune activation are key factors for the development of IBD.^\[[@R18],[@R19]\]^

Vitamin D is a derivative of liposoluble steroids that has biological activity. It participates in the metabolism of calcium and phosphorus, and functions to maintain levels of these two substances in the blood, thereby guaranteeing normal growth and development of the teeth, bones, and other organs.^\[[@R6],[@R20]--[@R22]\]^ Related studies showed that many human cells express vitamin D receptors and, upon bacterial infection, monocytes, macrophages, and dendritic cells recognize bacteria ligands and trigger the upregulation of vitamin D receptors as well as vitamin D hydroxylase, which then converts vitamin D into its active form, activates nuclear transcription factors, and promotes the expression of bacteriostatic peptides. Thus, the vitamin D receptor is an important biomolecule due to its role against infections and in immunoregulation.^\[[@R23]--[@R27]\]^

This study included 65 patients with UC, 50 patients with CD, and 120 healthy controls. The serum levels of vitamin D were measured and the results suggested that patients with UC and CD had significantly lower serum vitamin D in comparison to healthy controls (*P* \< .05 for both comparisons), indicating that patients with IBD have lower levels of vitamin D than healthy individuals. Then, according to the Mayo scoring system, patients with UC were further divided into four subgroups and we found that serum vitamin D levels in patients with moderate and severe UC were significantly lower than in those with remission or mild UC (*P* \< .05 for all comparisons), which indicated that aggravated UC was accompanied by lower serum vitamin D levels. Meanwhile, patients with CD were further divided into three subgroups according to HBI, and we found that patients with moderate and severe CD had significantly lower vitamin D in comparison to those with remission (*P* \< .05), indicating that CD aggravation was also associated with low serum vitamin D levels. These results are supported by other studies in different patient populations that also found lower vitamin D levels in patients with IBD, and that lower levels were associated with aggravation of the disease.^\[[@R8]--[@R10]\]^

Though the evidence continues to support the significance of vitamin D in the pathogenesis of IBD,^\[[@R28]\]^ the complex metabolism of vitamin D in the human body makes it difficult to clarify the mechanisms by which vitamin D affects immune response. Since this study only included a small sample size, the association between vitamin D and IBD in Chinese patients needs verification by future clinical studies. Still, we suggest that routine vitamin D monitoring should be performed for IBD patients, since most clinicians do not measure serum vitamin D and lack the awareness of vitamin D supplementation. At present, using vitamin D to prevent IBD is still in the exploratory stage.^\[[@R29],[@R30]\]^

In clinics, there is no common agreement on the dose of vitamin D supplementation for patients with IBD, and no evidence suggests that patients with IBD without vitamin D deficiency should also take vitamin D supplementation. At the molecular level, the mechanism of vitamin D against IBD is not fully understood. Therefore, studying the mechanism mentioned above would lay foundation for the development of effective treatments.

This study has some limitations. The sample size was quite small, and it was based in a single center, so the results cannot be presumed to reflect the entire Chinese population. There was no follow-up to examine the changes in levels of vitamin D over time. For example, it would be interesting to investigate the changes in disease status (e.g., in patients that went into remission or aggravating disease) in relation to the vitamin D levels, or whether the vitamin D levels change with the change in disease status.

5. Conclusions
==============

Patients with UC and CD had significantly lower serum vitamin D levels in comparison to healthy controls. Patients with severe disease had even lower serum vitamin D than those with mild disease. Since patients with IBD have vitamin D deficiency, vitamin D supplementation should be investigated as a potential treatment for patients with IBD.
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